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1
SWITCH CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-172129,
filed on Aug. 22, 2013; the entire contents of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a switch
circuit.

BACKGROUND

In a switch circuit, when on-resistance of a transistor is
lowered to ensure operation even when a power supply volt-
ageis lowered, it is difficult to ensure the isolation property of
when the transistor is turned OFF.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is acircuit diagram illustrating a schematic configu-
ration of a switch circuit according to a first embodiment;

FIG. 2 is a cross-sectional view illustrating a schematic
configuration of a transistor used in the switch circuit of FIG.
1

FIG. 3A is a circuit diagram illustrating a connection state
of when a transistor used in the switch circuit of FIG. 1 is
turned ON, and FIG. 3B is a circuit diagram illustrating a
connection state of when the transistor used in the switch
circuit of FIG. 1 is turned OFF;

FIG. 4 is a block diagram illustrating a schematic configu-
ration of a selector applied with a switch circuit according to
a second embodiment;

FIG. 5 is a block diagram illustrating a schematic configu-
ration of an integrated circuit applied with a switch circuit
according to a third embodiment; and

FIG. 6 is a block diagram illustrating a schematic configu-
ration of an integrated circuit applied with a switch circuit
according to a fourth embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a transmission
unit and a back gate control unit are arranged. The transmis-
sion unit transmits a signal through a transistor in which a
back gate and a source are connected by way of a resistor. The
back gate control unit connects the back gate of the transistor
to a fixed potential when the transistor is turned OFF, and
separates the back gate of the transistor from the fixed poten-
tial when the transistor is turned ON.

A switch circuit according to embodiments will be
described in detail below with reference to the accompanying
drawings. The present invention is not limited by the embodi-
ments.

First Embodiment

FIG. 1is acircuit diagram illustrating a schematic configu-
ration of a switch circuit according to a first embodiment.

In FIG. 1, the switch circuit 1 includes a transmission unit
1A and a back gate control unit 1B. An inverter 2 is connected
to a pre-stage of the switch circuit 1, and a level shifter 3 is
connected to a pre-stage of the inverter 2.
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The transmission unit 1A includes a P-channel transistor
P1, an N-channel transistor N1, and resistors R1, R2. The
back gate control unit 1B includes a P-channel transistor P2
and an N-channel transistor N2. The inverter 2 includes a
P-channel transistor P3 and an N-channel transistor N3. The
level shifter 3 includes P-channel transistors P4 to P6 and
N-channel transistors N4 to N6.

The P-channel transistor P1 is connected in parallel with
the N-channel transistor N1. The resistor R1 is connected
between the back gate and the source of the P-channel tran-
sistor P1. The resistor R2 is connected between the back gate
and the source of the N-channel transistor N1. The back gate
of'the P-channel transistor P1 is connected to a power supply
potential vdd through the P-channel transistor P2, and the
back gate of the N-channel transistor N1 is connected to a
ground potential gnd through the N-channel transistor N2. An
input signal int is input to the source of the P-channel tran-
sistor P1 and the source of the N-channel transistor N1, and an
output signal ext is output from the drain of the P-channel
transistor P1 and the drain of the N-channel transistor N1.

The P-channel transistor P3 is connected in series with the
N-channel transistor N3. The P-channel transistor P3 and the
N-channel transistor N3 have the gates commonly connected
to each other. The gate of the P-channel transistor P3 is
connected to the gate of the P-channel transistor P1, and the
drain of the P-channel transistor P3 is connected to the gate of
the N-channel transistor N1. The gate of the P-channel tran-
sistor P1 is connected to the gate of the N-channel transistor
N2. The gate of the N-channel transistor N1 is connected to
the gate of the P-channel transistor P2.

The P-channel transistor P4 is connected in series with the
N-channel transistor N4. The P-channel transistor P5 is con-
nected in series with the N-channel transistor N5, and the
N-channel transistor N5 is connected in series with the
N-channel transistor N6. The P-channel transistor P6 is con-
nected in parallel with the P-channel transistor P5. The gate of
the P-channel transistor P4 is connected to the drain of the
P-channel transistor P5, and the gate of the P-channel tran-
sistor P5 is connected to the drain of the P-channel transistor
P4. A control signal seln is input to the gate of the N-channel
transistor N4, and a control signal selp is input to the gate of
the N-channel transistor N5. The control signal seln is a signal
obtained by inverting the control signal selp. The control
signals seln, selp can be generated based on a different power
supply from the power supply potential vdd. An enable signal
en is input to the gate of the P-channel transistor P6 and the
gate of the N-channel transistor N6.

The sources of the P-channel transistors P2 to P6 are con-
nected to the power supply potential vdd, and the sources of
the N-channel transistors N2 to N4, N6 are connected to the
ground potential gnd. The back gates of the P-channel tran-
sistors P2 to P6 are connected to the power supply potential
vdd, and the back gates of the N-channel transistors N2 to N6
are connected to the ground potential gnd. The back gates of
the N-channel transistors N1 to N6 are connected to the power
supply potential vdd through diodes D1 to D6.

When the enable signal en becomes high level, the P-chan-
nel transistor P6 is turned OFF and the N-channel transistor
N6 is turned ON. In this case, when the control signal selp
becomes high level and the control signal seln becomes low
level, the N-channel transistor N5 is turned ON and the
N-channel transistor N4 is turned OFF. Thus, the drain of the
P-channel transistor P5 is set to the ground potential gnd and
the P-channel transistor P4 is turned ON, so that the drain of
the P-channel transistor P4 is set to the power supply potential
vdd and the P-channel transistor P5 is turned OFF.
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When the drain of the P-channel transistor P5 is set to the
ground potential gnd, the gate potential of the P-channel
transistor P1 becomes low level, and the P-channel transistor
P1 is turned ON. Additionally the drain potential of the
P-channel transistor P5 is inverted by the inverter 2, then the
gate potential of the N-channel transistor N1 becomes high
level, and the N-channel transistor N1 is turned ON. Thus, the
input signal int input to the source of the P-channel transistor
P1 and the source of the N-channel transistor N1 is output as
the output signal ext from the drain of the P-channel transistor
P1 and the drain of the N-channel transistor N1.

When, the drain of the P-channel transistor P5 is set to the
ground potential gnd, the gate potential of the N-channel
transistor N2 becomes low level, and the N-channel transistor
N2 is turned OFF. Additionally the drain potential of the
P-channel transistor P5 is inverted by the inverter 2, then the
gate potential of the P-channel transistor P2 becomes high
level, and the P-channel transistor P2 is turned OFF. Thus, the
back gate of the P-channel transistor P1 is separated from the
power supply potential vdd, and the back gate of the N-chan-
nel transistor N1 is separated from the ground potential gnd.
As a result, the back gate of the P-channel transistor P1
becomes the same potential as the source of the P-channel
transistor P1, and the back gate of the N-channel transistor N1
becomes the same potential as the source of the N-channel
transistor N1. Therefore, the on-resistance of the N-channel
transistor N1 and the P-channel transistor P1 are lowered,
then the input signal int can be transmitted even when the
source/gate voltages of the N-channel transistor N1 and the
P-channel transistor P1 are lowered accompanying the low-
ering of the power supply potential vdd.

When the control signal selp becomes low level and the
control signal seln becomes high level and the enable signal
en is high level, the N-channel transistor N5 is turned OFF
and the N-channel transistor N4 is turned ON. Thus, the drain
of the P-channel transistor P4 is set to the ground potential
gnd and the P-channel transistor P5 is turned ON, whereby
the drain of the P-channel transistor P5 is set to the power
supply potential vdd and the P-channel transistor P4 is turned
OFF.

When the drain of the P-channel transistor P5 is set to the
power supply potential vdd, the gate potential of the P-chan-
nel transistor P1 becomes high level, and the P-channel tran-
sistor P1 is turned OFF. Additionally the drain potential of the
P-channel transistor P5 is inverted by the inverter 2, then the
gate potential of the N-channel transistor N1 becomes low
level, and the N-channel transistor N1 is turned OFF. Thus,
the input signal int input to the source of the P-channel tran-
sistor P1 and the source of the N-channel transistor N1 is not
output as the output signal ext from the drain of the P-channel
transistor P1 and the drain of the N-channel transistor N1.

When the drain of the P-channel transistor P5 is set to the
power supply potential vdd, the gate potential of the N-chan-
nel transistor N2 becomes high level, and the N-channel
transistor N2 is turned ON. Additionally the drain potential of
the P-channel transistor P5 is inverted by the inverter 2, then
the gate potential of the P-channel transistor P2 becomes low
level, and the P-channel transistor P2 is turned ON. Thus, the
back gate of the P-channel transistor P1 is connected to the
power supply potential vdd, and the back gate of the N-chan-
nel transistor N1 is connected to the ground potential gnd. As
a result, the potentials of the back gates of the N-channel
transistor N1 and the P-channel transistor P1 are fixed, and
the isolation property of when the N-channel transistor N1
and the P-channel transistor P1 are turned OFF enhances.

Furthermore, when the enable signal en becomes low level,
the P-channel transistor P6 is turned ON and the N-channel

20

40

45

55

4

transistor N6 is turned OFF. Thus, the drain of the P-channel
transistor P5 is set to the power supply potential vdd.

When the drain of the P-channel transistor P5 is set to the
power supply potential vdd, the gate potential of the P-chan-
nel transistor P1 becomes high level, and the P-channel tran-
sistor P1 is turned OFF. Additionally the drain potential of the
P-channel transistor P5 is inverted by the inverter 2, then the
gate potential of the N-channel transistor N1 becomes low
level, and the N-channel transistor N1 is turned OFF. Thus,
the input signal int input to the source of the P-channel tran-
sistor P1 and the source of the N-channel transistor N1 is not
output as the output signal ext from the drain of the P-channel
transistor P1 and the drain of the N-channel transistor N1.

When the drain of the P-channel transistor P5 is set to the
power supply potential vdd, the gate potential of the N-chan-
nel transistor N2 becomes high level, and the N-channel
transistor N2 is turned ON. Additionally the drain potential of
the P-channel transistor P5 is inverted by the inverter 2, then
the gate potential of the P-channel transistor P2 becomes low
level, and the P-channel transistor P2 is turned ON. Thus, the
back gate of the P-channel transistor P1 is connected to the
power supply potential vdd, and the back gate of the N-chan-
nel transistor N1 is connected to the ground potential gnd. As
a result, the potential of the back gates of the N-channel
transistor N1 and the P-channel transistor P1 are fixed, and
the isolation property of when the N-channel transistor N1
and the P-channel transistor P1 are turned OFF enhances.

For example, the amplitudes of the control signals selp,
seln can be set to 1.5V, and the power supply potential vdd
canbe setto 3 V. The level shifter 3 converts the amplitudes of
the control signals selp, seln to the level of the power supply
potential vdd, and drives the inverter 2 at the amplitude of the
power supply potential vdd.

FIG. 2 is a cross-sectional view illustrating a schematic
configuration of a transistor used in the switch circuit of FIG.
1.

In FIG. 2, N-wells 12, 14 are formed in a P-type semicon-
ductor substrate 11, and a P-well 13 is formed in the N-well
12. A gate electrode 16 is formed on the P-well 13 by way of
a gate insulating film 15. N-type impurity diffusion layers 19,
20 are formed in the P-well 13 so as to sandwich a channel
layer formed under the gate electrode 16. The N-type impu-
rity diffusion layers 19, 20 can configure the source/drain of
the N-channel transistor N1. The P-well 13 can configure the
back gate of the N-channel transistor N1. A diode D1 is
formed at ajoining portion of the N-well 12 and the P-well 13.

A gate electrode 18 is formed on the N-well 14 by way of
a gate insulating film 17. P-type impurity diffusion layers 21,
22 are formed in the N-well 14 so as to sandwich a channel
layer formed under the gate electrode 18. The P-type impurity
diffusion layers 21, 22 can configure the source/drain of the
P-channel transistor P1. The N-well 14 can configure the back
gate of the P-channel transistor P1.

FIG. 3A is a circuit diagram illustrating a connection state
of when a transistor used in the switch circuit of FIG. 1 is
turned ON, and FIG. 3B is a circuit diagram illustrating a
connection state of when the transistor used in the switch
circuit of FIG. 1 is turned OFF.

In FIG. 3A, when the N-channel transistor N1 is turned
ON, the back gate of the N-channel transistor N1 is separated
from the ground potential gnd with the back gate of the
N-channel transistor N1 connected to the source by way of the
resistor R2. As a result, the back gate of the N-channel tran-
sistor N1 and the source of the N-channel transistor N1
become the same potential. Therefore, the on-resistance of
the N-channel transistor N1 is lowered, then the input signal
int can be output as the output signal ext from the drain of the
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N-channel transistor N1 even when and the source/gate volt-
age of the N-channel transistor N1 is lowered accompanying
the lowering of the power supply potential vdd.

A parasitic capacitance CP of the diode D1 is added to the
back gate of the N-channel transistor N1. In this case, the
value of the resistor R2 is preferably set so that the parasitic
capacitance CP can be ignored on the transmission path of the
input signal int. Thus, the input signal int can be suppressed
from leaking through the parasitic capacitance CP, and the
input signal int can be efficiently output as the output signal
ext from the drain of the N-channel transistor N1.

In FIG. 3B, when the N-channel transistor N1 is turned
OFF, the back gate of the N-channel transistor N1 is con-
nected to the ground potential gnd with the back gate of the
N-channel transistor N1 connected to the source by way of the
resistor R2. As a result, the potential of the back gate of the
N-channel transistor N1 is fixed, and the isolation property of
when the N-channel transistor N1 is turned OFF enhances.

Second Embodiment

FIG. 4 is a block diagram illustrating a schematic configu-
ration of a selector applied with a switch circuit according to
a second embodiment.

In FIG. 4, a selector 31 includes n (n is a positive integer)
switch circuits Swl to Swn. Each switch circuit Swl to Swn
can use the switch circuit 1 of FIG. 1. The selector 31 also
includes n input terminals Til to Tin in correspondence with
the switch circuits Sw1 to Swn, and one output terminal To is
arranged common to all the switch circuits Sw1 to Swn. One
ofthe n switch circuits Swl to Swn is turned ON and the other
switch circuits are turned OFF based on the control signal Sel.
The output terminal To can be used with a pad electrode
formed on the semiconductor chip.

The input signal int input from the input terminal is output
from the output terminal To as the output signal ext through
the switch circuit turned ON. The n input terminals Til to Tin
can be shared with one output terminal To by arranging the n
switch circuits Sw1 to Swn in the selector 31, whereby the
space of the output terminal To can be reduced. For example,
the pad electrodes on the semiconductor chip corresponding
to the output terminal To can be reduced, and the number of
pins of the semiconductor package corresponding to the out-
put terminal To can be reduced.

Third Embodiment

FIG. 5 is a block diagram illustrating a schematic configu-
ration of an integrated circuit applied with a switch circuit
according to a third embodiment. In the third embodiment, a
case in which an integrated circuit used in an ETC (Electronic
Toll Collection System) is formed on a semiconductor chip 41
is illustrated by way of example. The semiconductor chip 41
can be operated with a dry battery at a low voltage of about 3
V.

InFIG. 5, the semiconductor chip 41 includes terminals T1
to T17, a resistor R3, selectors 42, 43, 65, a start-up process-
ing circuit 44, an inverter 46, a waveform converter 47, fre-
quency dividers 48, 51, a phase comparator 49, a voltage
control oscillator 50, a multiplier 52, mixers 54, 63, a buffer
53, a band pass filter 55, a limiter 56, an intensity measure-
ment unit 57, a level comparator 58, an intensity output unit
59, a signal processing circuit 60, a DA converter 61, a low
pass filter 62, and an amplifier 64. The start-up processing
circuit 44 includes a regulator 44 A, a start-up detection circuit
44B, and a logic circuit 44C. Each selector 42, 43, 65 can use
the selector 31 of FIG. 4.
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The output terminal of the selector 42 is connected to the
terminal T1, the output terminal of the selector 43 is con-
nected to the terminal T2, and the output terminal of the
selector 65 is connected to the terminal T7. A capacitance C1
is externally attached to the terminal T1, and a capacitance C2
is externally attached to the terminal T2. One input terminal
of'the selector 42 is connected to a first DC feedback capaci-
tance addition terminal of the start-up detection circuit 44B,
and one input terminal of the selector 43 is connected to a
second DC feedback capacitance addition terminal of the
start-up detection circuit 44B. Other input terminals of the
selectors 42, 43 can be used as test terminals of the semicon-
ductor chip 41, and can be connected to each block of the
semiconductor chip 41. One input terminal of the selector 65
is connected to the output terminal of the intensity output unit
59.

The terminal T3 is connected to the input terminals of the
mixer 54 and the start-up processing circuit 44. The terminals
T4, T5 are connected to the output terminal of the amplifier
64. The terminal T6 is connected to a reference terminal of the
level comparator 58. A capacitance C3 is externally attached
to the terminal T6. The terminal T7 is connected to the output
terminal of the intensity output unit 59. The terminal T8 is
connected to a transmission/reception switching terminal of
the signal processing circuit 60. The terminal T9 is connected
to an interruption terminal of the signal processing circuit 60.
The terminal T10 is connected to a master input terminal of
the signal processing circuit 60. The terminal T11 is con-
nected to a slave selection terminal of the signal processing
circuit 60. The terminal T12 is connected to a clock terminal
of the signal processing circuit 60. The terminal T13 is con-
nected to a master output terminal of the signal processing
circuit 60. The terminal T14 is connected to an output termi-
nal of the inverter 46. The terminal T15 is connected to an
input terminal of the inverter 46. The resistor R3 is connected
in parallel with the inverter 46. A crystal oscillator 45 is
externally attached between the terminals T14, T15. The ter-
minal T16 is connected to an enable terminal of the start-up
processing circuit 44. The terminal T17 is connected to an
output terminal of the start-up processing circuit 44.

When approaching the gate with the semiconductor chip
41 mounted on the vehicle, and the like, a wireless input
signal RF1is input to the start-up detection circuit 44B and the
mixer 54 through the terminal T3. A power supply voltage
stabilized by a regulator 44 A is supplied to the start-up detec-
tion circuit 44B and the logic circuit 44C.

When a start-up instruction is detected from the wireless
input signal RFI in the start-up detection circuit 44B, a start-
up signal WAKEUP is generated in the start-up processing
circuit 44, and output to the outside through the terminal T17.
A microcomputer can be connected to the exterior of the
terminal T17. When the start-up signal WAKEUP is input to
the microcomputer, the microcomputer is started, and an
enable signal CE is input from the microcomputer to the
start-up processing circuit 44 through the terminal T16.

A sine wave is output from the inverter 46 when the crystal
oscillator 45 is oscillated, which sine wave is converted to a
rectangular wave in the waveform converter 47 and output to
the frequency divider 48 and the signal processing circuit 60.
The output of the waveform converter 47 is frequency divided
by the frequency divider 48, and then output to the phase
comparator 49. Furthermore, the signal from the voltage con-
trol oscillator 50 is frequency divided by the frequency
divider 51, and then output to the phase comparator 49. In the
voltage control oscillator 50, the outputs of the frequency
dividers 48, 51 are compared with each other, and the fre-
quency of the voltage control oscillator 50 is controlled such
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that the phase coincides with the outputs of the frequency
dividers 48, 51 with respect to each other. The signal from the
voltage control oscillator 50 is multiplied by the multiplier
52, and then output to the mixers 54, 63 through the buffer 53.

The wireless input signal RFT input through the terminal T3
is mixed with the output of the multiplier 52 in the mixer 54,
so that the wireless input signal RFI is down converted and
output to the limiter 56 through the band pass filter 55. After
the amplitude of the wireless input signal RF1 is limited by the
limiter 56, the intensity of the wireless input signal RFT is
measured by the intensity measurement unit 57. An intensity
measurement value VRSSI of the wireless input signal RF1 is
held in the intensity output unit 59, and then output through
the terminal T7.

The intensity measurement value VRSSI of the wireless
input signal RFI is compared with the reference level in the
level comparator 58, and then converted to a digital value
based on the comparison result and input to the signal pro-
cessing circuit 60. At this time, the signal processing circuit
60 operates as a slave, and can perform signal processing
while communicating with the master. A slave selection sig-
nal CSN is output from the master, so that the master can
communicate with the slave selected with the slave selection
signal CSN. The selected slave can receive a master input
signal MOSI from the master through the terminal T13 or
transmit a master output signal MISO to the master through
the terminal T10 while receiving a clock signal SPICLK
through the terminal T12. The signal processing circuit 60 can
transmit/receive a transmission/reception switching signal
TXRX through the terminal T8, and can transmit/receive an
interruption signal INTR through the terminal T9.

A transmission signal generated by the signal processing
circuit 60 is converted to an analog signal by the DA converter
61, and output to the mixer 63 through the low pass filter 62.
The signal is mixed with the output of the multiplier 52 in the
mixer 63, so that the transmission signal is up converted, and
then amplified by the amplifier 64 and output through the
terminals T4, T5.

The selectors 42, 43, 65 are connected to the terminals T1,
T2, T7, respectively, so that the test terminals do not need to
be formed on the semiconductor chip 41 separate from the
terminals T1, T2, T7, and the semiconductor chip 41 can be
miniaturized. Furthermore, the on-resistance of the transis-
tors of the switch circuit 1 can be reduced, and the start-up
processing circuit 44 and the intensity output unit 59 can be
operated normally while responding to lower voltage of the
semiconductor chip 41 by arranging the switch circuit 1 of
FIG. 1 in the selectors 42, 43, 65.

FIG. 6 is a block diagram illustrating a schematic configu-
ration of an integrated circuit applied with a switch circuit
according to a fourth embodiment.

In FIG. 6, the level shifter 3 of FIG. 1 is omitted in the
switch circuit, and an enable signal enx is input to the inverter
2.

When the enable signal enx becomes low level, the gate
potential of the P-channel transistor P1 becomes low level and
the P-channel transistor P1 is turned ON. Additionally the
enable signal enx is inverted by the inverter 2, then the gate
potential of the N-channel transistor N1 becomes high level
and the N-channel transistor N1 is turned ON. Thus, the input
signal int input to the source of the P-channel transistor P1
and the source of the N-channel transistor N1 is output as the
output signal ext from the drain of the P-channel transistor P1
and the drain of the N-channel] transistor N1.

When the enable signal enx becomes low level, the gate
potential of the N-channel transistor N2 becomes low level
and the N-channel transistor N2 is turned OFF. Additionally
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the enable signal enx is inverted by the inverter 2, then the gate
potential of the P-channel transistor P2 becomes high level
and the P-channel transistor P2 is turned OFF. Thus, the back
gate of the P-channel transistor P1 is separated from the
power supply potential vdd, and the back gate of the N-chan-
nel transistor N1 is separated from the ground potential gnd.
As a result, the back gate of the P-channel transistor P1
becomes the same potential as the source of the P-channel
transistor P1, and the back gate of the N-channel transistor N1
becomes the same potential as the source of the N-channel
transistor N1. Therefore, the on-resistance of the N-channel
transistor N1 and the P-channel transistor P1 are lowered,
then the input signal int can be transmitted even when the
source/gate voltages of the N-channel transistor N1 and the
P-channel transistor P1 are lowered accompanying the low-
ering of the power supply potential vdd.

On the other hand, when the enable signal enx becomes
high level, the gate potential of the P-channel transistor P1
becomes high level and the P-channel transistor P1 is turned
OFF. Additionally the enable signal enx is inverted by the
inverter 2, then the gate potential of the N-channel transistor
N1 becomes low level and the N-channel transistor N1 is
turned OFF. Thus, the input signal int input to the source of
the P-channel transistor P1 and the source of the N-channel
transistor N1 is not output as the output signal ext from the
drain of the P-channel transistor P1 and the drain of the
N-channel transistor N1.

When the enable signal enx becomes high level, the gate
potential of the N-channel transistor N2 becomes high level
and the N-channel transistor N2 is turned ON. Additionally
the enable signal enx is inverted by the inverter 2, then the gate
potential of the P-channel transistor P2 becomes low level and
the P-channel transistor P2 is turned ON. Thus, the back gate
of the P-channel transistor P1 is connected to the power
supply potential vdd, and the back gate of the N-channel
transistor N1 is connected to the ground potential gnd. As a
result, the potentials of the back gates of the N-channel tran-
sistor N1 and the P-channel transistor P1 are fixed, and the
isolation property of when the N-channel transistor N1 and
the P-channel transistor P1 are turned OFF enhances.

In the embodiments described above, the configuration in
which the input signal int is input to the source of the P-chan-
nel transistor P1 and the source of the N-channel transistor
N1, and the output signal ext is output from the drain of the
P-channel transistor P1 and the drain of the N-channel tran-
sistor N1 has been described. As other embodiments, the
input signal int may be input to the drain of the P-channel
transistor P1 and the drain of the N-channel transistor N1, and
the output signal ext may be output from the source of the
P-channel transistor P1 and the source of the N-channel tran-
sistor N1.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A switch circuit comprising:

a transmission unit configured to transmit a signal through

a single transistor, in which a back gate and a source are
connected by way of a resistor; and
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aback gate control unit configured to connect the back gate
of the single transistor to a fixed potential when the
single transistor is turned OFF, and to separate the back
gate of the single transistor from the fixed potential when
the single transistor is turned ON, wherein the source of
the single transistor is connected to an input terminal of
the transmission unit, and the drain of the single transis-
tor is connected to an output terminal of the transmission
unit,

wherein a value of the resistor is set so that a parasitic

capacitance of the back gate is ignorable on a transmis-
sion path of the signal,

wherein the transmission unit includes

a first P-channel transistor,

a first N-channel transistor connected in parallel with the
first P-channel transistor,

a first resistor connected between a back gate and a
source of the first P-channel transistor, and

a second resistor connected between a back gate and a

source of the first N-channel transistor, and

the back gate control unit includes

a second P-channel transistor configured to connect the
back gate of the first P-channel transistor to a first
fixed potential based on an enable signal, and

a second N-channel transistor configured to connect the
back gate of the first N-channel transistor to a second
fixed potential based on the enable signal,

wherein the source of the first P-channel transistor and the

source of the first N-channel transistor are connected to

an input terminal of the transmission unit, and the drain
of the first P-channel transistor and the drain of the first

N-channel transistor are connected to an output terminal

of the transmission unit, and

wherein the enable signal is input to the gate of the first

P-channel transistor and the gate of the second N-chan-
nel transistor; and a signal, in which the enable signal is
inverted, is input to the gate of the second P-channel
transistor and the gate of the first N-channel transistor,
and further comprising an inverter configured to invert
the enable signal, and a level shifter, arranged at a pre-
stage of the inverter and configured to convert amplitude
of a control signal that controls the back gate control
unit.

2. The switch circuit according to claim 1, wherein the back
gate and the source of the single transistor are set to the same
potential when the single transistor is turned ON.

3. The switch circuit according to claim 1, wherein the
second P-channel transistor is connected between the back
gate of the first P-channel transistor and a power supply
potential, and the second N-channel transistor is connected
between the back gate of the first N-channel transistor and a
ground potential.

4. The switch circuit according to claim 1, wherein the first
P-channel transistor is formed in a first N-well arranged in a
P-type semiconductor substrate, and the first N-channel tran-
sistor is formed in a P-well formed in a second N-well
arranged in the P-type semiconductor substrate.

5. The switch circuit according to claim 4, wherein the first
N-well configures the back gate of the first P-channel transis-
tor, and the P-well configures the back gate of the first
N-channel transistor.

6. The switch circuit according to claim 1, wherein a value
of the second resistor is set so that a parasitic capacitance of
the back gate of the first N-channel transistor is ignorable.
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7. A switch circuit comprising:

a transmission unit configured to transmit a signal through
a single transistor, in which a back gate and a source are
connected by way of a resistor; and

aback gate control unit configured to connect the back gate

of the single transistor to a fixed potential when the
single transistor is turned OFF, and to separate the back
gate of the single transistor from the fixed potential when
the single transistor is turned ON, wherein the source of
the single transistor is connected to an input terminal of
the transmission unit, and the drain of the single transis-
tor is connected to an output terminal of the transmission
unit,

wherein a value of the resistor is set so that a parasitic

capacitance of the back gate is ignorable on a transmis-
sion path of the signal,

wherein the transmission unit includes

a first P-channel transistor,

afirst N-channel transistor connected in parallel with the
first P-channel transistor,

a first resistor connected between a back gate and a
source of the first P-channel transistor, and

a second resistor connected between a back gate and a
source of the first N-channel transistor, and

the back gate control unit includes

a second P-channel transistor configured to connect the
back gate of the first P-channel transistor to a first
fixed potential based on an enable signal, and

a second N-channel transistor configured to connect the
back gate of the first N-channel transistor to a second
fixed potential based on the enable signal, being
mounted for every input terminal in a selector, in
which one output terminal is arranged with respect to
n input terminals.

8. The switch circuit according to claim 7, wherein the
selector is mounted on a semiconductor chip formed with an
integrated circuit used for ETC.

9. The switch circuit according to claim 8, wherein an
output terminal of the selector is connected to a terminal of
the semiconductor chip.

10. The switch circuit according to claim 9, wherein the
output terminal of the selector is a pad electrode of the semi-
conductor chip.

11. The switch circuit according to claim 9, wherein the
integrated circuit includes a start-up processing circuit con-
figured to input a start-up signal to a microcomputer based on
a start-up instruction from a wireless input signal, and one
input terminal of the selector is connected to the start-up
processing circuit.

12. The switch circuit according to claim 1, wherein the
back gate and the source of the first P-channel transistor are
set to the same potential when the first P-channel transistor is
turned ON, and the back gate and the source of the first
N-channel transistor are set to the same potential when the
first N-channel] transistor is turned ON.

13. The switch circuit according to claim 1, wherein the
back gate of the first P-channel transistor is set to a power
supply potential when the first P-channel transistor is turned
OFF, and the back gate of the first N-channel transistor is set
to a ground potential when the first N-channel transistor is
turned OFF.



